Yersinia enterocolitica is a foodborne pathogen, but the importance of water as a route of exposure for human infection is not well known. Y. enterocolitica isolation methods were developed primarily for food and clinical samples, and may not be effective for use with environmental samples. The objective of this study was to assess the recovery of Y. enterocolitica from surface water used for drinking water treatment. Four enrichment broths and an alkaline treatment protocol were compared for the isolation of Y. enterocolitica bioserogroup 4/O:3 spiked into surface water samples. Results showed that the methods tested were not effective for the recovery of Y. enterocolitica, primarily due to inadequate inhibition of interfering background microorganisms. Using one method that showed the most potential for recovery,
INTRODUCTION
Yersinia enterocolitica is an emerging waterborne pathogen (Theron & Cloete 2002; Sharma et al. 2003 ) that has the potential to cause gastrointestinal disease and other diseases in humans (Bottone 1997) . There are six Y. enterocolitica biogroups and more than 50 serogroups.
Human infections are more commonly associated with bioserogroups 1B/O:8, 2/O:5,27, 2/O:9, 3/O:3 and 4/O:3 have been implicated in a few cases of waterborne illness in humans (Lassen 1972; Keet 1974; Christensen 1979; Thompson & Gravel 1986) ; however most cases of Y. enterocolitica infection are sporadic and a source is rarely identified (Bottone 1997) . This has been attributed to difficulties associated with isolating the organism, in particular pathogenic strains (Fredriksson-Ahomaa & Korkeala 2003) . Studies that have investigated the occurrence of Yersinia spp. in environmental waters have recovered mostly non-pathogenic species (Agbalika et al. 1985; Brennhovd et al. 1992; Leclerc et al. 2002; Fredriksson-Ahomaa & Korkeala 2003) . Similarly, pathoge- There are three major problems encountered when attempting to isolate Y. enterocolitica from the environment. First, there tends to be a high concentration of organisms in environmental samples that interfere with isolation procedures, and Y. enterocolitica tend to grow poorly in competition with other organisms (Schiemann & Olson 1984; Calvo et al. 1986b) . Second, the methods are not selective for pathogenic strains of Y. enterocolitica and will also isolate non-pathogenic strains of Yersinia, which appear to be common in the environment (Fredriksson-Ahomaa & Korkeala 2003) . Third, a virulence plasmid, which imparts certain phenotypic characteristics that are used to identify pathogenic strains, is sometimes lost during culturing steps (Blais & Phillippe 1995) . It is important to be aware of these challenges when evaluating and implementing Y. enterocolitica isolation methods.
In this study we compared four different enrichment methods for the recovery of a clinically significant strain of Y. enterocolitica added to Grand River surface water samples. A method using enrichment in modified tryptic soy broth (mTSB) and plating on CIN agar, with and without an alkaline treatment, was selected to examine the occurrence of naturally occurring Yersinia in the Grand River watershed. The watershed spans an area close to 7,000 km 2 and is the largest watershed in southern Ontario.
It is used as a drinking water source and for recreational activities, and is influenced by both urban and agricultural activities, including municipal wastewater discharges and livestock production (Dorner et al. 2004) . 
Yersinia isolation methods
Four different enrichment methods were compared: (1)
Irgasan-Ticarcillin-Chlorate (ITC) (Wauters et al. 1988) ; (2) Luria-Bertani-Bile Salts-Irgasan (LB-BSI) broth (Hussein et al. 2001) ; (3) modified tryptic soy broth (mTSB) (Bhaduri et al. 1997) ; and (4) cold enrichment in phosphate-buffered saline (PBS) (Greenwood et al. 1975) . ITC broth (Fluka) and PBS (EMD Chemicals) were purchased from commercial suppliers. LB-BSI broth was prepared as described by Hussein et al. (2001) . mTSB was prepared as described by Bhaduri et al. (1997) . Ten ml aliquots of each broth were added to 20 ml glass test tubes, and then inoculated with Y.
enterocolitica or surface water as described below. Each broth was incubated as described in Table 1 . For LB-BSI and mTSB, 4 mg ml 21 of irgasan (final concentration;
Sigma-Aldrich) was added after 24 h of incubation.
Following the enrichment period, each method was conducted with and without an alkaline treatment (Johnson 1998) . For the alkaline treatment, 0.5 ml of enrichment culture was added to 4.5 ml of alkaline solution (0.25% potassium hydroxide, 0.5% sodium chloride), mixed by vortexing for 2 -3 s, then plated on Cefsulodin-IrgasanNovobiocin (CIN) agar plates. CIN agar was prepared using CIN agar base containing Yersinia antimicrobic supplement CN (BD). CIN agar plates were incubated at 288C for 24 h, and observed using a stereomicroscope. CIN agar is most commonly used for isolating Y. enterocolitica, as it can better inhibit non-Yersinia organisms and has a higher confirmation rate when compared with other selective agars (Head et al. 1982; Schiemann 1983b) . We also found that CIN agar could inhibit and differentiate Gram-negative bacteria better than SSDC agar, and that Y. enterocolitica from a variety of biogroups and serogroups could grow well on CIN agar (Cheyne 2008) .
Recovery experiments
The enrichment methods were compared in three separate recovery experiments (A, B and C Microbial Identification System, as described by the manufacturer. Greenwood et al. (1975) In recovery experiment C, we compared the ability of each enrichment method to recover Y. enterocolitica ATCC 700822 added together with cells filtered from Grand River water. Only three of the four enrichment methods were compared: ITC, LB-BSI and mTSB. For each method, one tube containing 10 ml broth was inoculated with cells collected by filtering 500 ml of surface water (as described in experiment B). A second tube containing 10 ml broth was inoculated both with cells collected from 500 ml of surface water together with 100 ml of a 2,000 CFU ml 21 Y. enterocolitica ATCC 700822 inoculum (200 CFU total). All cultures were incubated, treated, plated and counted as described in experiment B.
Grand River survey
Based on the results of the recovery experiments, the mTSB enrichment method, with and without an alkaline treatment, was used to survey surface water from the Grand containing 10 ml of mTSB and incubated as described above with shaking at 100 rpm. After the enrichment period, 50 ml of non-alkaline treated enrichment broth and 100 ml of alkaline treated broth were each transferred to CIN agar plates and streaked for isolated colonies. (Bottone 1999) . This strain was also chosen because it contains the pYV virulence plasmid (Cheyne 2008) , which is considered crucial to imparting full virulence to Y. enterocolitica (Schiemann & Devenish 1982; Heesemann et al. 1984 ) and can also influence the growth of Y. enterocolitica in selective media (Logue et al. 2000 (Logue et al. , 2006 .
In experiment A, each enrichment method was evaluated for the ability to support the growth of a laboratory Y. enterocolitica strain. Results show that Y. enterocolitica
grew in most enrichment methods tested (Table 2 ).
Y. enterocolitica concentrations at the end of the incubation period (without an alkaline treatment) were the highest in ITC (8.3 log CFU ml 21 ), followed by mTSB (6.3 log CFU ml 21 ), LB-BSI (4.2 log CFU ml 21 ), and were lowest in PBS (2.0 log CFU ml
21
). Since the starting concentration in PBS was 1.5 log CFU ml 21 , there was a 0.5 log increase following incubation at 48C. Given that PBS does not contain nutrients, growth may be attributed to the addition of exponential phase cells or the carry over of nutrients from the diluted TSB culture used as inoculum.
Another study found that Y. enterocolitica could grow by over 1.0 log after 72 hours in sterile distilled water at 48C, and viable cell concentrations were maintained for an additional 6 days (Highsmith et al. 1977) . Results in Table 2 also show that Y. enterocolitica remained at high levels In experiment B, each enrichment method was evaluated for the ability to inhibit the growth of non-Yersinia (background) microorganisms from the Grand River. Similar to other heavily impacted surface waters, the Grand River contains a high concentration of microorganisms. In water samples taken at this location over the sampling period (n ¼ 37) the median heterotrophic plate count and total direct cell count were 5.7 log CFU ml 21 and 6.2 log cells ml 21 , respectively. Results from experiment B (Table 2) show that background microorganisms were not inhibited following enrichment and plating on CIN agar. At the end of the incubation period, the concentration of background microorganisms that grew on CIN agar (without an alkaline treatment) was highest in ITC (8.5 log CFU ml 21 ), followed by mTSB (7.9 log CFU ml 21 ), LB-BSI (8.0 log CFU ml 21 ), and was lowest in PBS (6.0 log CFU ml 21 ). Although an alkaline treatment did not reduce the concentration of background microorganisms in ITC, it was effective in reducing counts by 3.3 log in mTSB, 1.9 log in LB-BSI and 2.0 log in PBS.
Environmental (non-spiked) Yersinia strains were not detected in this experiment using any of the enrichment methods. The results showed that background microorganisms from the Grand River were at lower concentrations in mTSB and LB-BSI compared with ITC. Again, this is probably due to the lower incubation temperature (128C) used in the mTSB and LB-BSI methods compared with the
ITC method (258C). High background concentrations in PBS after cold incubation confirm that other bacteria in the
Grand River can also survive for an extended period at cold temperatures. This challenge was noted previously by Fredriksson-Ahomaa & Korkeala (2003) . Also, the filtered river water would have resulted in the addition of nutrients to the PBS, and this may have allowed microorganisms to grow.
Based on these results, it was concluded that cold enrichment in PBS was not an appropriate method for the recovery of Yersinia in surface water samples. Consequently, PBS was not tested in recovery experiment C.
In experiment C, we tested the recovery of Y. enterocolitica ATCC 700822 added together with microorganisms from the Grand River. Results showed that Y. enterocolitica ATCC 700822 was not recovered using any of the enrichment methods tested (Table 3) . Two
Yersinia colonies were detected on plates from spiked samples of LB-BSI combined with an alkaline treatment;
however it was determined that these isolates were not
Y. enterocolitica ATCC 700822, but an environmental
Yersinia strain from the river sample. Environmental
Yersinia strains were detected in non-spiked samples that were inoculated only with microorganisms from river water,
showing that Yersinia are present in the Grand River. It is important to note that in Table 3 , Yersinia concentrations are based on very low CFU counts, meaning that only one or two confirmed Yersinia colonies were detected on one plate in a dilution series. Normally, less dilute samples are plated to obtain higher and more reliable CFU counts.
However, in this case, agar plates from lower dilutions were completely overgrown with background microorganisms from the Grand River. For this reason, the Y. enterocolitica ATCC 700822 strain that was spiked into samples may have been present following enrichment and plating, but at concentrations below that of the background microorganisms and consequently could not be detected.
The concentrations of background microorganisms were relatively similar in non-spiked and spiked broths (Table 3) , and these results were similar to those in recovery experiment B (Table 2) . Background colony , except for PBS which was 1.5 log CFU ml 21 . † For each medium n ¼ 2, except for mTSB n ¼ 3. ‡ Approximate values based on low CFU counts.
concentrations in non-alkaline treated samples were highest in ITC (8.8-9.0 log CFU ml 21 ), followed by mTSB (7.9-8.3 log CFU ml 21 ) and LB-BSI (7.7-7.8 log CFU ml
21
).
As in experiment B, the alkaline treatment was effective at reducing the background counts in mTSB and LB-BSI, but not in ITC (Table 3) . For the mTSB cultures, the alkaline treatment was less effective in experiment C compared with experiment B. This is probably a result of difficulties in reproducing the alkaline treatment consistently each time, primarily due to the short alkaline exposure time of only 2-3 seconds. Inconsistent results using a post-enrichment alkaline treatment have also been noted in previous studies (Schiemann 1983a) . Also, it has previously been demon- Table 4 ) and Y. enterocolitica isolates were detected in eight samples (4%). In previous studies that surveyed surface water, Yersinia were isolated more frequently during colder months of the year (Meadows & Snudden 1982; Fukushima et al. 1984; Massa et al. 1988) ; however, no seasonal trends were observed in Yersinia isolation rates from the Grand River, nor were there trends associated with precipitation events (data not shown).
From the 52 water samples that were positive for
Yersinia, a total of 97 Yersinia isolates were collected (Table 5 ). The distribution of these isolates among sampling locations is outlined in Table 4 . It should be noted that multiple isolates of the same subtype were sometimes isolated from one sample, and it is possible these isolates originated from a single strain in the river. The majority of
isolates (89%) Isolates were initially tested using the BIOLOG system, and species identity showed a 61% match with results obtained using the API-20E system.
The Yersinia spp. isolated from the Grand River are typically considered non-pathogenic species. Y. enterocolitica strains accounted for 11% of the Yersinia isolates. All of the Y. enterocolitica isolates belonged to biogroup 1A, which is also considered to be a non-pathogenic biotype.
Y. frederiksenii, Y. intermedia and Y. kristensenii have all been isolated from water previously (Shayegani et al. 1981 ; 
CONCLUSIONS
This study demonstrates that current culture-based methods are not sufficiently optimized for isolating pathogenic Y. enterocolitica from surface water samples. Culturebased methods need to be improved to isolate low levels of Y. enterocolitica from a surface water matrix containing diverse bacterial species. The poor sensitivity of current methods suggests that previously published culture-based surveys have probably underestimated the prevalence of 
